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OBJECTIVE — To measure relative and absolute educational disparities in mortality among
U.S. adults with diabetes and to compare their magnitude with disparities observed within the
nondiabetic population.
RESEARCH DESIGN AND METHODS — A total of 85,867 individuals (5,007 with
diabetes), aged 35–84 years, who participated in the National Health Interview Survey from
1986 to 1996 were followed for mortality through 31 December 2002. Relative and absolute
educational disparities in all-cause, cardiovascular disease (CVD), and non-CVD mortality were
measured.
RESULTS — Inrelativeterms,theriskofall-causemortalitywas28%higherindiabeticadults
with the lowest versus the highest position on the educational scale (relative index of inequality
1.28 [95% CI 1.08–1.53]). This inverse relationship reﬂected marked disparities in CVD mor-
tality and was found in all age, sex, and race/ethnicity groups except Hispanics. Although
substantial, this relative educational gradient in mortality among adults with diabetes was
smaller than in the nondiabetic population. In absolute terms, diabetic adults with the lowest
position on the educational scale suffered 503 excess deaths per 10,000 person-years of fol-
low-up compared with those with the highest position. These absolute disparities were stronger
than in the nondiabetic population. The results were even more striking for CVD mortality.
CONCLUSIONS — The risk of mortality differs substantially according to educational level
amongindividualswithdiabetesintheU.S.Althoughrelativeeducationaldisparitiesinmortality
are weaker in adults with versus without diabetes, their absolute impact is greater and translates
into a major mortality burden.
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I
n the U.S., 20 million adults have di-
abetes, and the prevalence is expected
to rise substantially in the coming de-
cades (1,2). Diabetes complications im-
pose an enormous burden on public
health, and people with diabetes have an
age-adjusted mortality rate approxi-
mately twice as high as those without (3).
The public health burden of diabetes
is unevenly distributed across socioeco-
nomic strata. First, diabetes is more com-
mon in ethnic minorities and people of
low education and income level (4,5).
Second, in people with diabetes, socio-
economic position (SEP) may inﬂuence
major determinants of health, such as ac-
cess to care, quality of care, and health
behaviors (6). Correspondingly, SEP may
have a profound impact on the morbidity
and mortality associated with diabetes. In
Europe, socioeconomic health disparities
have been reported among people with
diabetes in various settings (5,6); though,
two large record linkage studies (7,8)
found that the magnitude of socioeco-
nomicdifferentialsinsurvivalwasweaker
in people with diabetes than in the gen-
eralpopulation,aresultthathasremained
largely unexplained. In the U.S., only few
studies have focused on SEP-related dis-
parities among people with diabetes and
then only in selected subpopulations (9–
12), making it difﬁcult to determine the
impact of such disparities at the popula-
tion level and their public health
importance.
To fully monitor health disparities,
the general consensus is that both relative
and absolute measures are required
(13,14).Theobjectiveofthisstudywasto
quantifyrelativeandabsoluteeducational
disparities in mortality within the U.S. di-
abetic population according to cause of
death and across age, sex, and race/
ethnicity strata and to compare the mag-
nitude of these disparities to those found
in the nondiabetic population.
RESEARCH DESIGN AND
METHODS— We used data collected
in the National Health Interview Survey
(NHIS) from 1986 to 1996 and linked to
the National Death Index (NDI) for mor-
tality through 31 December 2002. The
NHIS is a continuous, annual, household
survey conducted by the National Center
for Health Statistics. The survey uses a
stratiﬁed cluster probability sampling de-
sign to collect information from a repre-
sentative sample of the civilian,
noninstitutionalized U.S. population. A
completedescriptionofNHISprocedures
is available elsewhere (15). The NHIS
sample is divided into six representative
subsamples. Each subsample is adminis-
tered one of six checklists of chronic con-
ditions and respondents are asked to
indicate the presence or absence of each
condition speciﬁed on the particular list
assigned to them. The present analyses
were restricted to the subsample asked
about the presence of diabetes. The NHIS
and NDI are linked using a probabilistic
matchingalgorithmtodeterminethevital
status of all NHIS participants aged 18
years. It is estimated that the matching
methods correctly identify 9% of all liv-
ing NHIS respondents and 96% of those
who died, with no substantial difference
according to age, sex, race/ethnicity, or
socioeconomic status (16).
Variables of interest
For each participant who died by 3 De-
cember 2002, available data included in-
formation on the quarter and year of
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
From the
1Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
Maryland; the
2Department of INSERM, UMRS 1018, CESP, Epidemiology of Occupational and Social
Determinants of Health, Villejuif, France; the
3University of Versailles Saint-Quentin, Villejuif, France;
and the
4Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, Maryland.
Corresponding author: Rosemary Dray-Spira, rosemary.dray-spira@inserm.fr.
Received 13 November 2009 and accepted 18 February 2010. Published ahead of print at http://care.
diabetesjournals.org on 3 March 2010. DOI: 10.2337/dc09-2094.
© 2010 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for proﬁt, and the work is not altered. See http://creativecommons.
org/licenses/by-nc-nd/3.0/ for details.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Epidemiology/Health Services Research
ORIGINAL ARTICLE
1200 DIABETES CARE, VOLUME 33, NUMBER 6, JUNE 2010 care.diabetesjournals.orgdeath and on the underlying causes of
death classiﬁed according to the ICD-10.
Deaths caused by cardiovascular disease
(CVD) were those coded as I00–I78.
Educational attainment was used as
the main indicator of SEP because unlike
income and occupation, education is un-
likely to be affected by poor health in
adulthood. Detailed information on the
highestlevelofschoolcompletedwascol-
lected and the variable was categorized as
“less than high school degree” (high
school not completed), “high school de-
gree” (high school diploma or general
equivalency diploma), and “more than
high school degree” (some college, voca-
tional, or technical school; associate’s de-
gree; Bachelor’s, Master’s, or professional
degree). Race/ethnicity was self-reported.
Participantswithdiabeteswerethosewho
reported themselves or whose proxy re-
ported that they had diabetes in the past
12 months.
Statistical analysis
Analyses were restricted to participants
aged 35–84 years. Participants were con-
sideredatriskfordeathduringtheperiod
between the time of NHIS interview and
eitherthequarteroftheirdeath,thequar-
ter of their 85th birthday, or the fourth
quarterof2002,whicheveroccurredﬁrst.
Direct standardization was used to esti-
mate age- and sex-standardized mortality
ratesoverallandaccordingtoeducational
levelamongsubjectswithandwithoutdi-
abetes, using the whole population (re-
gardless of diabetes) as the standard.
Educational disparities in mortality
weremeasuredusingmultivariateCoxre-
gression models controlling for time-
updated age, sex, race/ethnicity, and
surveyyear.Termsofinteractionbetween
education and diabetes status were in-
cluded in the models to measure differ-
ences in the magnitude of educational
disparities between subjects with and
without diabetes.
Two indicators were used to estimate
relative educational disparities in mortal-
ity. First, hazard ratios (HRs) associated
with educational level were computed,
usingthehighestlevelofeducationasref-
erence.WhereasHRsareeasytointerpret,
comparisons of HRs across various
groups of the population are complicated
by different distributions of educational
level across these subgroups. Indeed, the
advantages conferred by, e.g., holding a
high school degree probably differ across
age, sex, or race/ethnicity strata. The use
of the relative index of inequality (RII) as
a measure of educational inequalities
overcomes this problem by providing a
continuous measure of inequalities that
accounts simultaneously for the size and
relative position of educational groups
(13). It does so by using a speciﬁc mea-
sure of individuals’ relative educational
position (i.e., the mean proportion of the
overallpopulationthathasaneducational
level higher than his/her own). For exam-
ple, each individual in the lowest educa-
tional group is assigned a value
corresponding to the proportion of the
population with middle or high educa-
tion, plus half of the proportion of the
population with low education. This is
therefore a continuous measure, taking
the value 0 for someone at the top of the
educationalscaleand1forsomeoneatthe
bottom.
The RII, obtained by regressing mor-
tality on this new indicator, is the pre-
dicted ratio of mortality rates at the two
extremesoftheeducationalscale.Wecal-
culated the RII overall (using individuals’
educational position relative to the whole
population as indicator of education) and
separately across age, sex, and race/
ethnicity strata (using individuals’ educa-
tional position relative to the population
within their strata as indicator of
education).
Absolute educational disparities in
mortality were estimated by the slope in-
dex of inequality (SII), corresponding to
the slope coefﬁcient obtained by regress-
ing mortality on the indicator of relative
educational position deﬁned above. The
SII is the predicted difference in mortality
rates between the two extremes of the ed-
ucational scale. CIs of RII and SII were
estimated using a bootstrap procedure.
We accounted for the complex sampling
design and data weighting of NHIS in es-
timating standardized mortality rates but
not in estimating associations between
education and mortality. All statistical
analyses were performed using Stata/SE
10.0 (Stata, College Station, TX).
RESULTS
Characteristics of the study
population
We identiﬁed 86,817 adults aged 35–84
years at the time of the NHIS interview,
whohadbeenaskedaboutthepresenceof
diabetes and for whom NDI-linked data
wereavailable.Ofthese,weexcluded863
with missing data on educational attain-
ment and 87 who died within the quarter
following interview, yielding a ﬁnal sam-
ple of 85,867 individuals. The median
follow-uptimewas10.5years(rangeone-
quarter to 16.8 years). At baseline, 5,007
(5.6%) participants reported having diabe-
tes;theyaccountedfor43,295person-years
of follow-up. The 80,860 nondiabetic par-
ticipants accounted for 851,223 person-
years of follow-up.
Regardless of diabetes status, partici-
pants who did not complete high school
and high school graduates were older and
more likely to be women than those with
more than a high school degree. Partici-
pants with less than a high school degree
were also more likely to be non-Hispanic
blacks or Hispanics (Table 1).
Mortality
Of 15,351 participants who died, 2,188
(14.0%)haddiabetesatbaseline.CVDac-
counted for 46.6% of the causes of death
among participants with diabetes versus
40.2% among those without. Major non-
CVDcausesofdeathwerecancers(17.6%
of deaths), diabetes (14.7%), and respira-
tory conditions (5.9%) among partici-
pants with diabetes and cancers (29.7%)
and respiratory conditions (10.1%)
among those without. All-cause, CVD,
and non-CVD mortality rates were 340.0,
150.7, and 189.3 per 10,000 person-
years,respectively,inadultswithdiabetes
versus 136.9, 52.1, and 84.8 per 10,000
person-years, respectively, in those with-
out. As shown in Fig. 1, all-cause, CVD,
and non-CVD mortality rates were in-
versely associated with educational level
in both adults with and without diabetes.
Relative educational disparities in
mortality
As shown in Table 2, the inverse relation-
ship between education and mortality
risk was statistically signiﬁcant among
adultswithdiabetesevenafteraccounting
for age, sex, race/ethnicity, and survey
year. Overall, the risk of all-cause mortal-
itywas28%higherindiabeticadultswith
the lowest versus the highest position on
the educational scale, as measured by the
RII.Thisinverserelationshipbetweened-
ucation and mortality risk in adults with
diabetes reﬂected marked educational
differences in the risk of CVD mortality.
Conversely, the risk of non-CVD mortal-
ity did not differ signiﬁcantly across edu-
cation strata in adults with diabetes.
Evidence for the existence of an in-
verse educational gradient in all-cause
andCVDmortalityriskwasfoundinboth
diabetic adults aged 35–64 years and in
their older counterparts, in diabetic men
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beticadults(Fig.2).However,suchagra-
dient was not found among Hispanic
adults with diabetes. The magnitude of
educational disparities in all-cause, CVD,
and non-CVD mortality was signiﬁ-
cantly lower in adults with diabetes
compared with their nondiabetic coun-
terparts (Table 2).
Absolute educational disparities in
mortality
As shown in Table 2, the difference in the
estimated risk of all-cause mortality be-
tween diabetic adults with the lowest ver-
sus the highest position on the
educational scale, as measured by the SII,
was 503.0 deaths per 10,000 person-
years. This difference was largely driven
by educational disparities in CVD mortal-
ity, accounting for 401 excess deaths per
10,000 person-years of follow-up. These
absolute educational disparities in all-
cause and CVD mortality were greater in
adults with diabetes than in their nondi-
abetic counterparts. In contrast, absolute
educational disparities in non-CVD mor-
tality did not differ in magnitude accord-
ing to diabetes status.
CONCLUSIONS— Our results sug-
gest that differences in educational posi-
tion produce substantial disparities in
mortality risk in U.S. adults with diag-
nosed diabetes regardless of age, sex, and
race/ethnicity.Inrelativeterms,thesedis-
parities are weaker than in nondiabetic
adults.However,inabsoluteterms,adults
with diabetes suffer the greatest mortality
burden from low educational position,
with a difference of over 500 deaths per
10,000 person-years of follow-up be-
tweenthetwoextremesoftheeducational
scale. These disparities are mainly driven
by CVD mortality, a cause of death for
which many effective preventive mea-
sures are available.
Strengths of this study, which lend
weighttotheseconclusions,includeana-
tionally representative cohort large
enough to afford multiple stratiﬁed mul-
tivariate analyses and long-term fol-
low-upthatisnearly100%complete.The
mainlimitationofourstudyisrelianceon
self-reportofdiabetes.Theaccuracyofdi-
abetes self-report has been reported to be
high overall and improves with educa-
tional level (17). Moreover, approxi-
mately one-third of U.S. adults with
diabetes are estimated to be undiagnosed
(18), a rate possibly higher among people
with low education (19). This suggests
that self-reported cases of diabetes may
underrepresent the milder cases (i.e.,
those either undiagnosed or diagnosed
but underreported), especially among
people with a low education. Conse-
quently, educational health disparities
measured within adults with diagnosed
diabetes may be more marked than those
occurringinthewholepopulationofpeo-
ple with diabetes. Additionally, although
Table 1—Characteristics of 85,867 participants with and without diabetes, according to educational level
Adults with diabetes (n  5,007) Adults without diabetes (n  80,860)
Less than high
school degree
High school
degree
More than high
school degree
Less than high
school degree
High school
degree
More than high
school degree
n 2,179 1,699 1,129 18,969 30,013 31,878
Age at the time of interview (years)
means  SE 64.8  0.27 61.3  0.34 58.5  0.40 59.8  0.14 53.0  0.12 49.9  0.11
35–64 48.4 56.2 65.8 59.6 78.6 85.4
65 51.6 43.8 34.2 40.4 21.4 14.6
Sex
Men 41.6 44.8 57.1 47.5 42.2 51.7
Women 58.4 55.2 42.9 52.5 57.8 48.3
Race/ethnicity
Non-Hispanic whites 61.6 80.5 77.0 69.8 84.2 85.0
Non-Hispanic blacks 22.9 12.6 13.6 14.5 8.7 6.8
Hispanics 12.7 4.4 5.2 12.7 4.7 4.2
Other non-Hispanics 2.8 2.5 4.2 3.0 2.4 4.0
Data are %, unless otherwise indicated.
Figure1—Age-andsex-standardizedall-cause,CVD,andnon-CVDmortalityrates(95%CIs)accordingtoeducationallevelamongadultswithand
without diabetes.
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accordingtodiabetestype(7),NHISdoes
not attempt to distinguish between type 1
and type 2 diabetes. However, since type
2 diabetes accounts for the large majority
(90–95%) of cases in the U.S., our results
mostly pertain to type 2 diabetes (1).
Mortality rates provided in the study
were estimated accounting for sampling
weights, thus they are representative of
the U.S. population. However, we could
notaccountfordataweightinginestimat-
ing associations between education and
mortality because we were unable to cal-
culate correct sampling weight for boot-
strap analyses and thus unable to provide
an accurate estimate of RII and SII vari-
ances. Complementary analyses show
thatregardlessofdiabetesstatus,pointes-
timatesofHRsandRIIdonosubstantially
differ whether calculations are based on
weighted or unweighted data. Though,
SII estimates in adults with diabetes ap-
pear greater using weighted rather than
unweighted data (600.3 vs. 503.0 deaths
per 10,000 person-years for all-cause
mortality), suggesting that absolute edu-
cational disparities in mortality among
U.S. adults with diabetes may be under-
estimated in our study.
By showing that the risk of mortality
differs according to educational attain-
ment, both in relative and in absolute
terms,ourresultsprovidestrongevidence
fortheexistenceofeducationaldisparities
in mortality in U.S. adults with diagnosed
diabetes. Thereby, the present study sug-
gests that socioeconomic disparities in
health previously reported among people
withdiabetesinEurope(5,6)occurinthe
U.S. context as well. Underlying path-
ways may involve a large range of factors,
including patient factors (e.g., health be-
haviors, material conditions, or psycho-
social factors) as well as characteristics of
the providers, the community, and the
health care system (6). Given the major
burden of diabetes in the U.S. across the
various socioeconomic strata of the pop-
ulation,suchdisparitiesmayhaveamajor
public health impact at the national level.
In relative terms, our ﬁndings indi-
cate that educational disparities in mor-
tality among U.S. adults with diabetes are
mainly driven by differences in the risk of
death from CVD causes. Including deaths
with diabetes as the underlying cause in
the deﬁnition of CVD deaths did not
change this ﬁnding (data available on re-
quest). In addition, such disparities
among adults with diabetes are substan-
tialinallage,sex,andrace/ethnicitystrata
except Hispanic adults. The absence of
educationalhealthdisparitiesamongHis-
panics has been reported among the gen-
eral population as well (20), suggesting
that its underlying mechanisms are likely
to be independent of diabetes status.
Although they are substantial, educa-
tional disparities in mortality in adults
with diabetes appear to be smaller than
disparities in nondiabetic adults. Such
difference has also been reported in Italy
(7)andinFinland(8),twocountrieswith
equitable access to health services. One
possibleexplanationisthatdiabetesman-
agement levels off disparities in health
care and health behaviors across the var-
ious educational groups. Our ﬁndings
suggest that such a salutary role of diabe-
tes management may occur as well in the
context of the U.S. health care system, a
hypothesis supported by a recent study
(21) showing that concurrently with ma-
jorimprovementindiabetesmanagement
over the past decade, there has been lim-
ited widening of educational health dis-
parities in the U.S. diabetic population.
Whether this arises from the speciﬁcities
of diabetes management itself or from its
beneﬁcial consequences in terms of en-
hancing health care access and use de-
serves further studies.
We found that in diabetic adults ab-
solute disparities in mortality are strong,
speciﬁcally from CVD-related causes,
and, in contrast to relative disparities,
greater than in the nondiabetic popula-
tion. Indeed, we found that diabetic
adults who hold the lowest position on
the educational scale suffer 503 excess
deaths per 10,000 person-years of fol-
low-up than those with the highest posi-
tion, a gap 73% higher than in the
nondiabetic population. The results were
even more striking for CVD mortality,
with a gap 319% higher in the diabetic
versus the nondiabetic population. The
contrasted results we obtained using ei-
ther relative or absolute measures of dis-
paritiesstemfromthefactthattheburden
ofCVDmortalityisdramaticallyhigherin
adults with versus without diabetes. This
ﬁnding highlights the relevance of using
both relative and absolute measures of in-
equalities to adequately assess health dis-
parities and suggests that educational
health disparities among adults with dia-
betes have a major public health impact.
In summary, we have shown that the
risk of mortality differs substantially ac-
cording to educational level among peo-
ple with diabetes in the U.S. Although
Table 2—Relative and absolute educational disparities in all-cause, CVD, and non-CVD mortality among adults with and without diabetes*
Relative disparities Absolute disparities
HR
RII SII
Less than High
School degree High School degree
Adults with diabetes
All-cause mortality 1.22 (1.08–1.38)† 1.17 (1.02–1.33) 1.28 (1.08–1.53)† 503.0 (302.4–697.2)†
CVD mortality 1.41 (1.17–1.69)† 1.19 (0.98–1.36) 1.55 (1.16–2.05) 401.3 (260.5–536.5)†
Non-CVD mortality 1.07 (0.91–1.26)† 1.15 (0.97–1.36) 1.06 (0.85–1.33)† 101.7 (48.0 to 248.9)
Adults without diabetes
All-cause mortality 1.71 (1.63–1.80)† 1.30 (1.23–1.36) 1.84 (1.70–2.01)† 291.4 (262.4–321.0)†
CVD mortality 1.82 (1.67–1.97)† 1.33 (1.22–1.44) 1.99 (1.74–2.31) 125.6 (107.1–145.6)†
Non-CVD mortality 1.65 (1.55–1.76)† 1.28 (1.20–1.36) 1.75 (1.57–1.95)† 165.8 (142.0–187.5)
Data are HR/RII/SII (95% CI). HR: hazard ratio of death (reference category: individuals with more than a high school degree). RII: ratio of mortality rates of
individuals with the highest and lowest educational level in the population. SII: difference between mortality rates of individuals with the highest and lowest
educational level in the population. *All measures are adjusted for age, sex, race/ethnicity, and survey year; †P  0.05 for interaction between educational level and
diabetes status.
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ity are less marked in adults with diabetes
than in those without, their absolute im-
pact is greater and translates into a major
mortality burden. Considering the major
burden of diabetes in the U.S., especially
among the most deprived categories of
the population, this suggests that reduc-
ing social health inequalities among peo-
ple with diabetes is likely to have a major
public health impact. Future research
should determine pathways underlying
these educational disparities with an eye
toward developing strategies to eliminate
them.
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